We explore the factors which determine innovation by service firms, and in particular the contribution of intra-and extra-regional connectivity. Subsequently we examine how service firms' innovation activity relates to productivity and export behaviour. Our empirical analysis is based on matched data from the 2005 UK Innovation Survey -the UK component of the Fourth CIS -and the Annual Business Inquiry for Northern Ireland. We find evidence of negative intra-regional embeddedness effects, but there is a positive contribution to innovation from extra-regional connectivity, particularly links to customers. Relationships between innovation, exporting and productivity prove complex but suggest that innovation itself is not sufficient to generate productivity improvements. Only when innovation is combined with increased export activity are productivity gains evident.
Service Innovation, Embeddedness and Business Performance: Evidence from
Northern Ireland
Introduction
An often restated argument is that regions' ability to sustain wealth creation depends on innovation, particularly where labour costs are high. In the UK, this has been recognised in the identification of innovation -along with investment, skills, enterprise and competition -as one of the 'five drivers of productivity' (H M Treasury, 2000) . Increasingly, however, it is the service industries rather than manufacturing which is the source of new growth, emphasising the potential importance of service innovation in raising regional productivity. Service innovation may have direct benefits by promoting growth and productivity in the service sector itself. Indirect benefits may also result, however, due to the enabling role of the service sector and its contribution to supporting innovation and growth in other industries and the public sector (e.g. Wood, 2005; Muller and Zenker, 2001; Czarnitzki and Spielkamp, 2003; OECD 2007) . Here, we identify the key determinants of innovation by services firms, and the impact of this innovation on productivity and exporting. The results suggest policy lessons both for those interested in increasing services innovation and in generating enhanced regional growth and productivity.
Compared to manufacturing, service industries have long been characterised as having weak IPR regimes, outsourced technological development processes, customer-led innovation (Love and Mansury, 2007) , long service lifetimes and an emphasis on intangible market offerings (Howells, 2000a) . As a result, studies by Den Hertog, (2000) and de Jong et al. (2003) , for example, suggest that service innovation is best described as a process of collective problem solving in which learning within organisations (e.g. Cohen and Levinthal, 1989, 1990; Zahra and George, 2002) , and connections between organisations (Tether 2005 ) play a key role 1 . Love and Mansury (2007) , for example, suggest that firms' external linkages, particularly with customers, can significantly enhance service innovation performance. On the same theme, Leiponen (2005) found that completely new services are most often introduced by firms that engage in external knowledge sourcing, particularly from customers and competitors.
The technological characteristics of service production also suggest that there may be differences from manufacturing in terms of the relationships between innovation, business growth, exporting (Wakelin, 1998; Sterlacchini, 1999; Bleaney and Wakelin, 2002; Roper and Love, 2002; Lachenmaier and Wößmann, 2006) and productivity (Lööf and Heshmati, 2001, 2002; Roper et al 2008) . However, Cainelli et al (2006) , based on Italian Community Innovation Survey data, and Mansury and Love's (2008) study of US business service firms, do suggest as in manufacturing a strong positive relationship between the introduction of new services, organisational innovation and subsequent economic performance. Gourlay et al (2005) and Blind and Jungmittag (2004) also suggest that R&D intensity has strong positive effect on both the probability and intensity of exporting of UK and German service firms 2 . Business R&D may also play an important part in shaping service firms' absorptive capacity (Zahra and George, 2002) , with Veugelers and Cassiman (1999) suggesting that firms undertaking in-house R&D benefit more from external information sources than companies which have no in-house R&D activity.
In this paper we adopt an econometric approach to examine the determinants of a range of different types of innovation by services firms and their effects on exporting and productivity performance. In particular, we focus on the impact on innovation of local embeddedness, where we use the term 'embeddedness' to reflect the extent and nature of firms' intra-regional relationships to other organisations. Our choice to examine these relationships at a regional level reflects contrasting arguments in the economic geography literature about the potential advantages or disadvantages of local or regional embeddedness for service firms' innovation activity. On one hand, Gallaher et al (2006) argue that the spatial scale of service industry innovation systems is more likely to be regional rather than the national or global. This emphasises the importance of intra-regional embeddedness for service innovation and the potential for positive clustering or agglomeration effects. The contrasting view of embeddedness -labelled the 'neo-classical' perspective by Boschma (2005) -instead emphasises the potentially negative lock-in effects of intensive intra-regional connectivity and the positive role of external connectivity. Our empirical analysis focuses on two key questions. First, what factors determine service firms' profile of innovation and, in particular, how important are intra-and extra-regional factors in this process? Second, how is service firms' innovation activity related to subsequent productivity and export behaviour? Here our key interest is in which aspects of firms' innovation activity have the greatest productivity and export benefits. Important, positive intra-regional connectivity effects would provide support for the agglomeration or clustering view of embeddedness; negative intra-regional connectivity effects on innovation and positive external connectivity effects would instead suggest the validity of the 'neo-classical' view outlined by Boschma (2005) .
Our empirical analysis focuses on Northern Ireland, a region of the UK with a population of around 1.7 million. Emerging from a long period of political instability, the Northern Ireland economy has performed well in recent years (Fielding 2003) 3 .
For example, Northern Ireland experienced the highest employment growth rate (15. The remainder of the paper is organised as follows. Section 2 provides an overview of our conceptual approach, based around the notion of the innovation value chain (Roper et al 2008) . Section 3 outlines our data which combines innovation data from 
Conceptual Approach
Our interest here is the process through which service firms source, transform and exploit new -and potentially pre-existing -knowledge through innovation. At a fundamental level, this firm-specific process can be seen as part of a broader evolutionary dynamic in which firms' service offerings are steadily refined -and occasionally transformed (Nelson and Winter, 1982) . We also emphasise the potential role of the regional knowledge eco-system within which firms operate, and the potential benefits of operating in a regional environment where there exist rich external knowledge sources and extensive networking opportunities (Iansiti and Levien, 2004) . At the level of the firm, however, our analysis becomes more deterministic, relating innovation outputs and business performance to firms' internal and acquired knowledge and internal resources. In this sense at least our perspective is consistent with a resource-based or capabilities perspective on business growth and development (e.g. Foss, 2004) Our conceptual framework is based on the concept of the innovation value chain (IVC). This describes the recursive process through which service firms source the knowledge they need to undertake innovation, transform this knowledge into new services, and then exploit their innovations to generate added value (Roper et al 2008) . In the knowledge transformation phase, knowledge sourced externally or created by the enterprise is transformed into innovation outputs. This is modelled using an innovation or knowledge production function (Geroski, 1990; Harris and 4 Trainor, 1995) in which the effectiveness of knowledge transformation is influenced by enterprise characteristics, the strength of the firm's resource-base, as well as the firm's managerial and organisational capabilities (Griliches, 1992; Love and Roper, 1999) . In general terms, we write the innovation production function as:
Where I i is an innovation output indicator, and KS ji stands for the i th firm's knowledge sourcing activity j, j=1..6. R i is a set of indicators of firms' resource base and BAR i is a set of indicators of perceived barriers to innovation. ACAP i is a set of indicators intended to reflect firms' absorptive capacity and GOV t reflect access to government support for innovation and upgrading.
In addition to knowledge generated through any investments in in-house R&D, we distinguish here six different routes through which firms can source external knowledge for their innovation activity. The trade-off between these two approaches to knowledge acquisition represents the standard 'make or buy' decision in terms of the literature on technology sourcing (Shelanski and Klein, 1995) . First, we allow firms to source or access knowledge relevant for innovation through intra-group knowledge transfers (Howells, 2000b) . Second, we allow firms to access external knowledge through backward links to their suppliers. (Horn, 2005) , for example, emphasises the increasing significance of backwards integration in R&D success, while Smith and Tranfield (2005) emphasise the role of such linkages in the UK aerospace industry. Third, we allow firms to generate knowledge inputs for innovation through forward linkages to customers. This may reflect either formal or informal knowledge sharing, but provides an indication of the potential importance of, say, knowledge of customers' preferences in shaping firms' innovation success (Joshi and Sharma, 2004; Love and Mansury, 2007) . Fourth, we allow linkages to either competitors (Hemphill, 2003) or through joint ventures. Link et al (2005) , for example, identify a range of factors which influence US firms' participation in research joint ventures including levels of public support for research collaboration (the Advanced Technology Programme) and the general level of prosperity in the US economy. Fifth, we allow for firms' links to consultants or local private sector laboratories (Bessant and Rush, 1995) . Finally, we allow for the development by firms of knowledge linkages to universities or other public research centres (Roper, 2004) .
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There is general evidence that service firms which access external knowledge innovate more successful (Leiponen, 2005 ) but here we also want to allow for the differential effects on innovation of intra-regional knowledge diffusion or embeddedness (Gertler, 2001) , and firms' 'stretched knowledge networks' involving extra-regional partners (Faulconbridge, 2006) . Local links may be particularly beneficial because of the stickiness of knowledge (von Hippel, 1998) , greater ease of translating tacit knowledge over personal rather than IT based networks (Audretsch, 1998) and also the greater value of local knowledge in its local context (Gertler, 2004) . However, extra-regional connectivity may provide access to best-practice, particularly codified, knowledge from elsewhere with potential benefits for innovation and productivity (Keller, 2004) . In our empirical model we therefore include two sets of knowledge sourcing variables relating to firms' intra-regional (KSI i ) and extraregional (KSX i ) connectivity:
In terms of the other factors which might influence firms' innovation outputs, we expect a strong internal resource base to contribute positively to the efficiency with which firms develop new innovations (Crépon et al., 1998; Lööf and Heshmati, 2001, 2002) . We also expect firms' innovation outputs to be positively related to absorptive capacity (Griffith et al, 2003) . Government assistance too we would regard as contributing to, or augmenting, firms' resource base and would therefore anticipate positive coefficients (Link et al, 2005) while the indicators of perceived barriers to innovation we expect to have negative coefficients.
The next link in the innovation value chain is knowledge exploitation, the process by which enterprise performance is influenced by different types of innovation (Roper et al, 2008) . We base our analysis here on an augmented production function including the innovation output measures, firms' market position and internal resource base. In terms of the recursive innovation value chain, we regard innovation outputs as predetermined with respect to business performance in the augmented production function. This is expressed as:
Where BPERF i is an indicator of business performance (e.g. labour productivity or value-added per employee, exporting), INNO i is a vector of different innovation output measures for different types of service innovation, and X i is a set of enterprise specific variables that are also hypothesized to affect enterprise performance.
Data and Methods
Two establishment level data sources are used in our analysis. Table 1 .
It is now generally accepted that the traditional split between product and process innovation is less meaningful for services than for manufacturing, with product introduction and its delivery closely intertwined (Gallouj and Weinstein, 1997 . The empirical literature suggests that, while the concept of innovation is meaningful in services, service firms may not innovate in quite the same way as manufacturers. For example, Tether (2005) shows that service innovation often depends on 'softer', skills-based innovation, relying heavily on the abilities of their workforce and on cooperation with outside organizations such as suppliers, customers, and other sources.
Reflecting the work of, inter alia, Djellal and Gallouj (1998) Table 1 ).
The matched dataset also provides a rich set of variables for each of the elements of equations (1) and (2). Information on intra-regional (KSI ji ) and extra-regional (KSX ji ) connectivity with other organisations which provide knowledge inputs for innovation is derived from the CIS (Table 1) . Intra-regional variables here reflect contacts within Northern Ireland and therefore the strength of the regional innovation system. Extraregional contacts are those outside the region and indicate the importance of firms'
contacts with more widespread innovation and business networks. Data are available indicating whether each firm had contact with other group companies, suppliers, customers, competitors, laboratories or consultants, and universities. Surprisingly perhaps, given the emphasis placed on connectivity in service innovation (Love and Mansury, 2007) , the proportions of firms with external connections as part of their innovation activity are relatively small, with links to local customers (3.4 per cent of firms) and extra-regional suppliers (2.7 per cent of firms) being most common. 7 Note, therefore, that the CIS data actually measures the degree of connectivity of the surveyed establishments. In line with the conceptual discussion above, we infer these data as being a reasonable proxy for the extent of embeddedness as indicated by Boschma (2005) The CIS also provides a range of background characteristics on services firms reflecting the availability of internal resources (RI i ). These include R&D, employment, plant vintage and whether or not the firm was part of a larger group of companies. R&D -undertaken by around 20.3 per cent of firms -is seen here as having two key roles: as a potential source of new knowledge for innovation but also as an indicator of firms' absorptive capacity, i.e. their ability to absorb external knowledge. In addition to the role of R&D as an element of absorptive capacity, we also include in the models a series of variables designed to reflect absorptive capacity (ACAP i ) more directly. These include the level of graduate employment in the firm, investments in training specifically associated with firms' innovation activity as well as the level of investment for innovation. On average, around 5.5 per cent of the workforce of sample firms comprised science and engineering graduates with another 6.0 per cent being 'other' graduates (Table 1) .
We also include in the models a number of other variables intended to capture aspects of firms' operating environment. The CIS provides information on perceived barriers to innovation (BAR i ) 8 , with the most common -the 'costs of innovation' -being cited by 12.9 per cent of firms, the 'riskiness of innovation' (12.1 per cent) and the costs of finance (10.9 per cent). Market information effects (3.0 per cent) and the effects of regulation (7-8 per cent) and skill shortages (4.7 per cent) were less common barriers to innovation (Table 1) . Binary indicators of whether firms have received government assistance for innovation from regional, national UK and international (EU) sources (GOVT i ) are also provided by CIS. In each case we anticipate positive effects where such support has an additional effect. Finally, we include in each model a series of sectoral dummy variables to pick up sectoral differences in innovation activity and performance.
The IVC model outlined above is a development and extension to the CDM-type innovation production function models (e.g. Crépon et al., 1998) . Models of this type are now widely used in empirical work on service innovation (Leiponen, 2005; Cainelli et al, 2006) , and the IVC approach extends this to allow more explicitly for the effect of external knowledge sources. In particular, the IVC approach allows for the influence of, for example, absorptive capacity and firm-specific characteristics both indirectly via innovation (eq. 2) and directly in the performance equation (eq. 3).
An issue which arises in operationalising equation (3) is the potential endogeneity of the innovation output measures. This has been discussed extensively, and a range of potential approaches have been adopted in the literature on manufacturing innovation including two-stage estimation methods (e.g. Crépon et al., 1998) , and the simultaneous estimation of the innovation and augmented production functions (e.g. Lööf and Heshmati, 2002) . In conceptual terms, however, the recursive nature of the innovation value chain suggests that innovation output measures are necessarily predetermined prior to their exploitation; in other words the innovation cannot be exploited until it has been introduced. In practical terms, this issue is dealt with in the present dataset by having performance measures (exporting and productivity) which post-date the period over which the innovation output indicators are measured.
Determinants of Service Innovation
The first step in modelling the innovation value chain is to identify the factors which determine service innovation. The results of estimating the innovation production function for different measures of innovation (i.e. equation 2) are shown in Tables 2   and 3 . In Table 2 we estimate Probit models in which the dependent variables is a dummy variable for the five types of innovation: service, marketing, strategic advanced management techniques, and organisational change. These models reflect the factors which influence the extent of each type of innovation across the population of service sector firms. In Table 3 we report a Tobit model for the proportion of firms' sales derived from innovative products. This model reflects the factors which influence the success of firms' innovation activity. As we regard the estimation of both models as 'exploratory', rather than conforming to a well established theoretical framework, we adopt a broadly-based modelling strategy including a wide range of variables in the models to test significance. Models are clearly significant overall, however, and the measures of fit (pseudo R 2 ) are comparable with other crosssectional studies 9 .
The first issue of interest in the innovation production functions is whether intraregional connectivity is significant in promoting innovation, an indication of the extent to which firms' innovation is driven by local knowledge inputs (Gertler, 2001 ).
In fact, while the majority of intra-regional effects on innovation are insignificant, those which are significant at the 5 per cent level are always negative both in terms of the probability of innovating and innovation success. Links to local labs or consultants, for example, reduce the probability that firms will undertake service innovation by 5.7 per cent, while links to local customers reduce the probability of strategic innovation by 4.9 per cent and AMT innovation by 5.1 per cent ( Table 2 ).
The probability of undertaking organisational innovation is only impacted by local connectivity to suppliers customers (-6.1 per cent) and group members (-8.1 per cent).
In terms of innovation success we also see negative local linkage effects, albeit only for links to local laboratories and consultants which reduce the proportion of innovative sales by 55.5 per cent (Table 3) . In other words, for our data, the stronger are firms' intra-regional links, or the stronger their local embeddedness, the lower their probability of innovation and their innovation success.
By contrast, firms' extra-regional connectivity was seen to have some positive innovation effects, although extra-regional links to other group companies proved unimportant in terms of the probability of innovating (Table 2) . Perhaps the most important of these results is the clear role of external customers in stimulating innovation activity. In fact, marginal values derived from the models suggest that a firm with links to external customers is 55.2 per cent more likely to undertake service innovation, 50.3 per cent more likely to undertake marketing innovation and 70.0 per cent more likely to undertake strategic innovation than firms without such links (Table 2 ). In addition, firms with external suppliers were also more likely to have a greater proportion (+37.8 per cent) of innovative sales than firms which were not selling outside the region (Table 3) . A statistically insignificant positive effect on innovation success is also evident from innovation links to external customers (Table   3 ). Some smaller negative effects on the probability of innovating are associated with external connectivity, however: links to extra-regional laboratories and consultants on the probability of undertaking marketing innovation (-9.8 per cent), strategic innovation (-4.3 per cent) and AMT innovation (-5.7 per cent). In addition, extraregional links to universities have a strong negative effect on the probability of undertaking service innovation reducing it by 7.5 per cent.
These results, and in particular the contrast between the innovation benefits of intraand extra-regional connectivity, provide a relatively clear picture: intra-regional connectivity or embeddedness impacts negatively on service firms' innovation while extra-regional connectivity -particularly with external customers and suppliers -will stimulate innovation. This pattern accords closely with what (Boschma, 2005) describes as the 'neo-classical' view of embeddedness in which regional 'lock-in' is generated as local embeddedness limit firms' ability to generate variety in innovation 10 . The lack of any positive localised connectivity benefits for innovation also accords with other recent evidence for Ireland which suggests little innovation benefit from clustering among high-tech firms (Jordan and O'Leary, 2007) .
In addition to connectivity, other basic characteristics of the firm also prove important in determining the probability that service firms in Northern Ireland will engage in innovation. R&D is often said to be of less importance for service sector firms than for manufacturing businesses, but our results here emphasise its importance even in services: service firms undertaking R&D have a 26.4 per cent higher probability of undertaking service innovation, and an 11.1 per cent higher probability of undertaking marketing innovation (Table 2) 11 . Firms undertaking R&D also achieve significantly greater innovation success, increasing their average share of innovative products by 43.9 per cent (Table 3) .
We also note positive links between the probability of innovating and firm size (Table   2) , although there is no link between firm size and innovation success (Table 3) .
There is also a tendency for newer firms to be more likely to engage in strategic innovation (Table 2) . Ownership also has a strong and consistently positive effect on the probability of undertaking innovation of all sorts, with firms which are part of a larger group more likely to innovate than independent firms (Table 2) , and to have a larger proportion of innovative sales (Table 3 ). In general, however, these ownership effects are smaller than those for R&D and links to external customers.
The estimation of our innovation equations also provides an opportunity to evaluate the impact of perceived barriers to innovation activity in Northern Ireland. In the models the effect of perceived barriers to innovation are generally weak -suggesting little systematic impact -although there are some notable exceptions related to lack of qualified personnel, the availability of finance and the nature of the markets in which firms are operating. In particular firms perceiving a lack of qualified personnel were 20.2 per cent more likely to be undertaking organisational innovation, while those perceiving a lack of finance had greater average innovation success (Table 3) . These effects are perhaps most likely to reflect the stronger perception of skills and finance barriers among innovation active firms rather than among non-innovators. Market conditions were more important in reducing the probability of service innovation with a perception that the market was dominated by established firms reducing the probability of undertaking service innovation by 8.7 per cent and a perception of an uncertain demand for innovation reducing service innovation by 6.8 per cent (Table   2) . A perception that the market is dominated by external firms also reduced firms' percentage of innovative sales by 44.3 per cent.
Absorptive capacity relates to firms' ability to absorb external knowledge and information and incorporate it into their innovation process (Zahra and George 2002) .
We find little support, however, for the assertion that firms' general capabilities in terms of graduate level skills positively influence innovation in services marketing or strategy (Table 2) or innovation success (Table 3 ). There are clearer positive effects on organisational innovation and firms' adoption of AMTs, although even here these effects are small in absolute terms (Table 2) . Training for innovation and investment for innovation have more consistent positive effects on both the probability of innovating as well as innovation success (Tables 2 and 3 ). Perhaps the key contrast here in terms of our results on absorptive capacity is between the lack of any general capability effect on innovation -reflected in graduate skill levels -and the strong positive effect of more targeted initiatives by the firm -reflected in innovation related investments in training and capital equipment.
Methodological issues arise in considering the effect of government assistance on firms' innovation probability related to the possibility of selection effects (Greene, 2005) . In particular, the coefficients on the policy support -treatment terms -reflect the combination of 'assistance' and 'selection' effects 12 . There is, however, little evidence of any very consistent positive effect on the probability of innovating for the whole group of service sector firms from either local, national or EU assistance. We do, however, find a positive effect from regional support on innovation success (Table   3 ).
Innovation and Firm Performance

Exporting
The next link in the innovation value chain is the relationship between innovation and aspects of business performance, measured by exporting and productivity. Here we look in detail at the impact of the different forms of innovation on three aspects of firms' export performance: first, whether the firm was or was not exporting outside (Table 4) , and for 'innovation success' i.e. the proportion of sales accounted for by services which were new or significantly improved during 2002-04 (Table 5 ).
The first notable result from our estimation is that we find no relationship between any aspect of firms' innovation behaviour over the 2002-04 period and whether or not a firm was an exporter in 2005: all of the coefficients in the models relating different types of innovation to firms' status as an exporter are insignificant at the 5 per cent level. Thus neither the act of innovating (Table 4) nor having a high proportion of new products in sales (Table 5) will make a firm become an exporter. More positively, however, firms undertaking organisational innovation do export a significantly larger proportion of their sales and have higher export growth (Tables 4   and 5 ). Innovation success also has a small positive effect on export growth (Table 5) .
Thus introducing new services will not turn non-exporters into exporters, but it will improve the export performance of those that are already exporters. On average, a 10% increase in the proportion of firms' sales coming from innovative products leads to a 6% increase in export growth the following year (Table 5 ). However, it is also the case that introducing a marketing innovation appears to have a significantly negative effect on export growth in the subsequent period (Table 4 ).
Other factors aside from innovation can, of course, also impact on service firms' exporting behaviour. However, firm characteristics and absorptive capacity measures have little consistent impact on exporting. The sectoral indicators are, however, highly significant with, for example, retail and hotel enterprises showing very low levels of exporting relative to the reference sector (Motor Trades).
Productivity
In this section we consider the relationship between innovation and productivity, another aspect of the final link in the innovation value chain. We use two measures of with exports, we show results both for a service innovation dichotomous variable (Table 6) , and for 'innovation success' i.e. the proportion of sales accounted for by services which were new or significantly improved during 2002-04 (Table 7) .
The results for innovation could not be clearer: once other factors are taken into account, there is no significant impact of innovation on firm productivity or productivity growth in the following year. At first sight this may appear to be something of a puzzle; while the introduction of new services might not have a positive productivity effect, and could even reduce productivity in the short term due to 'disruption effects', one might expect organisational or AMT innovations to have some effect on subsequent productivity. However, two points are relevant here. First, similar results have been found for the effect of innovation on business services in the United States (Mansury and Love, 2008) , suggesting either that the lack of direct impact of service innovation on productivity is widespread, or that the impact of service innovation on productivity takes longer to manifest itself than the relatively short period under consideration in the present study. Second, our results indicate that there is a (weak) positive effect of R&D on productivity, and a (stronger) R&D effect on productivity growth. Firms with an R&D presence have rates of productivity growth 9 percentage points higher than those with no R&D. Given the strong association between R&D and virtually all forms of service innovation outlined earlier, this reinforces the role that in-house R&D can play even in a service context:
R&D underpins innovation, and thus ultimately encourages higher levels of productivity and productivity growth. Therefore rather than suggest that there is no link between service innovation and productivity, it might be more accurate to suggest that any such link is moderated at least partly through the positive impact of R&D, either directly as a spur to innovation or indirectly as an element of firms' absorptive capacity.
Other influences on productivity are much as might be expected (Tables 6 and 7 ).
There is no clear association between firm size and productivity, although there is just a hint that smaller firms may have faster productivity growth than larger ones. New firms (established since 2000) are markedly less productive than older establishments, but have the same average rate of productivity growth. More capital intensive firms tend to have higher labour productivity, an almost universal finding in other studies.
The sectoral indicators are in line with expectations: the retail and hotels sectors have very low labour productivity, while the productivity (and productivity growth) of a range of other sectors is significantly above that of the reference sector (Motor Trades).
Innovation, R&D, exporting and productivity
So far we have looked separately at innovation and exporting, and at innovation and productivity. However, we must acknowledge that the relationships between innovation, exporting and productivity are intertwined in potentially complex ways that even the multivariate analysis above cannot fully unravel. For example, the relationship between productivity and exporting is potentially two-way: does exporting make firms more productive (because of learning effects and exposure to foreign competition), or do better performing firms simply choose to become exporters? There are sound reasons to expect exporting to enhance productivity, both through the exposure to foreign competition which exporting brings, and through 'learning by exporting', principally involving being exposed to superior foreign knowledge and technology. However, the broad thrust of previous research is that more productive firms self-select into export markets: there is mixed evidence on whether exporting leads to higher productivity thereafter, and very little research on services (see Wagner, 2007 for a comprehensive review).
In Tables 6 and 7 it is clear that being an exporter is associated with markedly greater productivity and productivity growth in the subsequent period. On average, an exporter in 2004 will have 10.8-10.9 percentage points faster productivity growth in the next year than a non-exporter. This does, of course, not rule out the possibility of a 'self-selection' effect which persists over time. However, although it is beyond the scope of the present dataset to explore fully the endogeneity between exporting and productivity 13 , in some of our analysis (not reported) we included productivity as a variable in the exporting equations and found no effect, suggesting that the beneficial impact of exporting on productivity is real and, at least within the data structure considered here, unidirectional.
We can therefore draw some tentative conclusions about the link between innovation, exporting and productivity in the services sector. Although innovation appears to have no direct impact on productivity, and innovating will not turn a non-exporter into an exporter, innovation does have a positive impact on the extent and growth of exporting. At the same time, exporting is strongly associated with productivity, suggesting an indirect link between innovation and productivity via exporting. Earlier we also suggested that not only does R&D have a direct effect on productivity, it also has an indirect effect through R&D's impact on innovation. A diagrammatic representation of these relationships between innovation, R&D, exporting and productivity in services is given in Figure 1 14 . The crucial point is the indirect nature of the link between innovation and productivity (growth). Being an innovator assists exporting, and this in turn assists productivity. Both these effects are underpinned by R&D, or at least a formal commitment to the innovation process. By itself, innovating is not enough: to derive productivity benefits from innovating, service firms need to look beyond sales in Northern Ireland. Innovation plus exporting is required for sustained productivity growth in services.
Conclusions
In this paper we have used a combined dataset from the 2005 UK Innovation Surveythe UK element of the 4 th Community Innovation Survey -and the Annual Business
Inquiry to explore the links between innovation, exporting and productivity in Northern Ireland services. The innovation value chain model suggests it is appropriate to consider these links in two main stages. First, we consider the determinants of service innovation, and secondly the effects of innovation on indicators of business performance.
A number of factors emerge as key drivers of service sector innovation in Northern
Ireland. First, we find evidence of negative regional embeddedness effects, reflecting the possibility of regional lock-in suggested in the so-called 'neo-classical' view of embeddedness. Second -and also consistent with the 'neo-classical' embeddedness view -we find that extra-regional customers play a significant positive role in stimulating service, marketing, strategic and organisational innovation (Boschma 2005 ). Third, firms undertaking R&D have a 26.4 per cent increase in the probability of undertaking service innovation, and an 11.1 per cent increase in the chance of undertaking marketing innovation. This result contrasts with the conventional wisdom that R&D is less important in service innovation than in manufacturing, but might reflect the role of R&D as an element of absorptive capacity rather than as a knowledge generator per se. Fourth, the probability of innovating is also positively related to firm size and newness, and ownership also has a strong and consistently positive effect on innovation of all sorts, with firms which are part of a larger group more likely to innovate than independent firms. Fifth, factor shortages or access to finance are not significant barriers to service innovation in Northern Ireland, instead it is demand-side, market related factors that dominate firms' innovation decisions.
Finally, we find little support for the positive impact of focussed support for innovation but there is clear evidence that specific interventions intended to either develop skills or the capital basis for innovation have consistent positive effects on the probability of undertaking all forms of innovation. This is likely to reflect the more widespread availability of such support for services firms in Northern Ireland than more focussed innovation support.
Our analysis of the links between innovation, regional exporting and productivity suggest that the relationships are complex. Undertaking innovation is not sufficient to turn a non-exporting service firm into an exporter; however, innovating does have a positive impact on the extent and growth of exporting. Innovation has no direct impact on productivity but does have a strong indirect effect on productivity through its impacts on the extent and growth of exports. On average, an exporter in 2004 will have 11 percentage point faster productivity growth in the next year than a nonexporter. At the same time, exporting is strongly associated with productivity, suggesting an indirect link between innovation and productivity via exporting. Earlier we also suggested that not only does R&D have a direct effect on service productivity, it also has an indirect effect through R&D's impact on innovation.
Overall, we conclude therefore that both innovation and exporting are required for sustained regional productivity growth in services, and that both are underpinned by firms' R&D activity.
In terms of regional innovation, our results suggest the greater value of extra-regional linkages to customers rather than intra-regional linkages to any sort of other
organisation. This appears to runs somewhat contrary to the literature on regional innovation systems which tends to emphasise local linkages or 'associations' as a driver of effective innovation (e.g. Cooke and Morgan, 1998) , and instead perhaps suggests the 'weakness of strong ties' emphasised by Grabher (1993) . In fact, however, as the descriptives in Table 1 impact of newly introduced services are only achieved when firms begin to trade in external markets as well as the relatively small Northern Ireland home market. In policy terms this suggests the need for an approach which focuses on developing both firms' innovation and internationalisation capabilities. Of course, as our results also suggest that links to extra-regional customers tend also to boost firms' innovation activity these developments in capability should be mutually reinforcing (see also Wolff and Pett, 2006) .
As indicated earlier Northern Ireland shares may characteristics with other peripheral regions in terms of its on-going restructuring, the increasing importance of services in regional growth and its relatively small home market. This suggests that our main results -particularly perhaps the contingent impact of innovation and exporting on productivity -should be more generally applicable. For firms located in the Western
Balkans, for example, where local services markets are often under-developed, innovation is also likely to be strongly dependent on, and reinforced by, export market orientation. Similarly, innovation and exporting are likely to play a reinforcing role in capability development and growth for firms in developing economies (e.g. Robson and Freel, 2008) . Some key questions remain, however, about the most beneficial forms of export customer interaction for innovation as well as the design of effective policy supports. Both issues are likely to require an extension of the current analysis to other regions and perhaps a more in-depth approach than that adopted here focussing on individual firm's development of their internationalisation and innovation capabilities. 
